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Introduction 

The  expression  Secondary  Stresses  originated 
with  Professor  Asimont  of  the  Polytechnic  School 
in  Munich  Bavaria.   In  a  paper  "Primary  and  Sec- 
ondary Stresses",  which  was  published  in  1880  in 
Zeitschrift  fur  Baukunde, Asimont  discusses  the 
effects  of  eccentric  loading  on  a  column,  and  here 
made  the  distinction  between  primary  or  direct 
stress  and  that  due  to  a  couple  producing  a  bend- 
ing stress  which  he  called  secondary.   But  long 
before  Asimont  coined  that  expression,  engineers 
considered  secondary  stresses  in  their  designs. 

The  subject  of  Secondary  Stresses  being  one 
of  importance,  the  Polytechnic  School  in  Munich, 
in  the  year  1877,  offered  a  prize  on  the  solution 
of  the  problem  of  how  to  calculate  these  stresses 
in  riveted  trusses.   In  formulating  the  problem, 
Asimont  suggested  that,  owing  to  the  fact  that  the 
lines  of  the  resulting  stresses  no  longer  pass 
through  the  center  of  panel  points,  its  solution 
might  be  effected  by  the  employment  of  Euler's 
equation  of  the  Elastic  Line.   The  prize  was  award- 
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ed  to  Manderla,  in  1879,  whose  excellent  solution 
is  found  in  a  highly  scientific  and  mathematical 
paper,  published  in  1880,  in  Allgeraeine  Bauzeitung, 
under  the  title  "The  Calculation  of  Secondary 
Stresses  which  occur  in  Simple  Trusses  as  a  con- 
sequence of  Rigid  Joints".  Although  Manderla 's 
solution  was  a  very  great  step  forward,  the  prob- 
lem in  all  its  aspect  has  not  yet  been  completely 
solved. 

Before  the  appearance  of  Manderla 's  solution, 
Engerser  had  published  an  approximate  method.  In 
the  year  1881,  the  late  Professor  Hinkler  gave  a 
lecture  on  Secondary  Stresses  before  an  organiza- 
tion of  Engineers  and  Architects  in  Berlin,  in 
which  he  said  that  for  some  years  past  he  had  paid 
attention  to  the  subject.   This  lecture  is  pub- 
lished in  Deutsche  Bauzeitung  in  1881,  under  the 
title  "Secondary  Stresses  in  Iron  Construction". 
In  1885  Professor  Landsberg  contributed  a  graph- 
ical solution  under  the  assumption  that  the  chords 
alone  are  riveted;  and  in  1886  Professor  Miiller- 


Breslaw  made  an  analytical  contribution.  Professor 
Ritter  in  1890,  gave  a  graphical  solution,  and  in 
the  year  1892-93,  Professor  Engesser  published  a 
book  on  "Secondary  Stresses". 

Professor  Mohr  contributed  in  1892  an  analyt- 
ical method  which  can  be  found  in  his  valuable 
book  "Alhandlungen  and  dern  Gebrete  der  Technishen 
Mechanik",  published  in  1906, in  which  he  treats 
in  a  masterly  manner  subjects  appertaining  to 
technical  mechanics. 

The  fundamental  truths  and  the  methods  of 
calculations  that  came  to  light  in  studying  this 
problem  we  owe  to  Germans. 
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SECONDARY  STRESSES  W   BRIDGES 

In  the  determination  of  stresses  in  a  truss 
the  following  assumptions  are  made: 

(1)  All  members  of  a  truss  are  free  to  turn 
at  the  joints,  i.e.  they  are  connected  at  the 
joints  by  frictionless  pins  about  which  the  mem- 
bers are  free  to  turn. 

(2)  The  first  assumption  is  the  basis  of 
the  second:   Since  the  members  are  free  to  turn 
at  the  joints,  the  former  remain  straight  after 
applications  of  loads,  when  a  change  in  relative 
position  of  the  joints  takes  place. 

There  are  other  assumptions  made  (like:  joints 
lie  in  the  gravity  axes  of  the  members;  all  exter- 
nal loads  and  weight  of  members  are  applied  at 
the  joints  only)  with  which  we  are  not  concerned 
in  the  present  discussion. 

The  stresses  resulting  from  an  analysis  based 
on  these  assumptions  are  called  "Primary  Stress- 
es". 

The  stresses  resulting  from  an  analysis  which 
considers  the  effects  of  not  having  all  these  as- 
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sumed  conditions  realized  are  called  "Secondary- 
Stresses"  . 

That  members  are  not  free  to  turn  at  the 
joints  is  true  even  about  pin  connections, because 
there  is  always  friction  between  the  member  and 
the  pin,  while  in  riveted  connections  that  free- 
dom to  move  is  inconceivable. 

The  members,  therefore,  do  not  remain  straight 
after  loads  are  applied,  and  a  change  in  relative 
position  of  the  joints  brings  about  a  single  or 
double  bending  in  the  member.   The  stresses  in  the 
various  members  of  a  truss  resulting  from  bending 
due  to  rigidity  of  the  joint  connections  are  the 
"Secondary  Stresses". 

To  summarize  the  existing  methods  of  determina- 
tion of  secondary  stresses  and  to  represent  them 
so  as  to  enable  the  practical  designer  to  apply 
them  quickly  and  effectively  is  the  aim  of  the 
present  discussion. 


CALCULATION  OP  THE  CHANGES  OP  ANGLE  IN  ANY  TRI- 
ANGLE IN  TERI^S  OP  THE  CHANGES  IN  THE  LENGTHS 
OF  THE  MEMBERS 


Let  a  b  c  be  the  original  form 

of  triangle  in  Pig*  !• 

Si,    S2*  S3  s  stress  intensity 

in  each  member. 

ll,  I2,  I3  s  length  of  each 

member. 

E  s  modulus  of  elasticity. 

Assume  that  a  b  will  lengthen  after  application 

of  loads.   By  definition  unit  deformation  s  S  . 

E 
Total  deformation  =  si 

E 

The  elongation  in  a  b  =  S2I2  _  y.^ 

E 
Assuming  a  c  fixed,  b  will  move  to  new  position 

b'.   a  b'  ::  a  d  and  b'd  as  a  small  arc  along  which 

d  moves  to  b'  may  be  considered  perpendicular  to 

a  b.   be  =  b*c  and  for  an  analogous  reason  bb'  is 

perpendicular  to  be   Therefore,  Z.a  b  c  s  (B)  r 

bb'd. 

dQ(    ::  b*d   -  -  b^  (in  radians) 
ad      I2 


But  b'd  r  bd,  cotB   =  32^2  cot B 

E 

.*.  dot  =  -  ^2  ^otP 


(1 


To  find  the  change  in  the  angle  o(  due  to  the 
shortening  of  a  o  assume  a  b  fixed. 

ad  s  ac  '  and  o*d  is  perpendic- 
ular to  acjbc  =  be'  and  c'c 
is  perpendicular  to  be 
.* .  /  dc'c  z  Zy 

c 'd   ( in  radians ) 
^1 

But  c  *d  z  dc  cot  / 

dc  z   si   li 


.  .  c'd  =  si  li  cot^ 

E 

and  doC  -  -  Si  cot  jT 


(2) 


To  find  the  change  in  the  angle  <X  due  to  the 
lengthening  of  be  assume  ab  fixed. 

ce  ::  elongation  z   S3I3 


be  s  be '  .*.  c*e  is  perpendiC' 
ul.ar  to  be. 

ac '  -  ac  . *.  c 'c  is  perpendic- 
ular to  ac  .• .  /.  ec 'c  -  j/- 

d  o^  -  c'c    (in  radians) 
ac 


/•■• 


CCt 


ce 


^ol=   ce 

ac  sin 


-   S3  I3 


ac  sin 


/ 


ac  sin 


ak. 


ck  -  ak  cot  IT  ) 

\^     )bc  =  ak  (cot  i^  +  cot  f) 
kb  =  ak  cot  y^  )  '       0 


ak  = 


ac  sin 


__bc 

cot  R      4  COtl^J 


> 


r 


be 


cotyS  4  ^o"*^/" 


^4=  flJj =   S3   (coty9   4  cot/.  )       (3) 

ac  siny-E     ~W  '  5 

Adding  up  equations  (1),  (2)  and  (3)  we  get 
the  total  change  in  (S  corresponding  to  the  de- 
formations of  all  three  sides  of  the  triangle. 
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Total  del  ::  S2  cot  A   -  Sj  cptj^  +  ^ZJQotP  ■»  cotj^^ 

E  E  E 

=      -  ^1   cotf    -     S2   cotP     ■»     S5   cot  P   •»     S5  cot  T 

E 

S3  ^  S2   cot^   +   S3  -  SI    cot  i^    (4) 
Likewise:   d^  =     si  -  S3  ootl^  +  si  -  S2  eofa((5) 

E  E 

^r  =  ^2  -  ^1   coto;  ♦  S2  "  S5  cotp  (6) 

stating   in  words: 

In  each  case  the  numerator  is  the  value  of  s 
for  the  side  opposite  minus  that  of  the  adjacent 
times   the   cotangent   of   the   included  angle. 

Since   the   sum  of  angles   of  a   triangle   remains 
180°   after  deformation: 

doi+dp+dy-^O  (7) 

which  serves   as   a  convenient  check   in   the   computa- 
tions. 
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THE  DEPLECTICN  ANGLES  CP  A  BEAM  SUBJECTED  TO  GIVEN 
MOMENTS  APPLIED  AT  THE  TWO  ENDS 

Let  mn  be  any  short  length 
measured  along  the  neutral 
surface  of  a  beam* 
Let  kk'  and  pp'  be  two  nor- 
mal sections  passing  thn.i 
m  and  n.  Before  bending  kk* 
and  pp*  were  parallel;  after  the  bending  they 
intersect  at  o,  the  center  of  curvature.   Let  qq' 
be  drawn  through  n  parallel  to  kk*.   Then  qp  re- 
presents the  elongation  of  the  fiber  kq  and  q'p* 
the  shortening  of  the  fiber  k'q*,  and  these  changes 
in  length  are  proportional  to  their  distances  from 
the  neutral  surface.   Let  the  change  of  length  qp 
be  called  e  and  let  s  be  the  corresponding  unit 
stress  on  fiber  kp,  and  E  the  modulus  of  elasti- 
city of  the  material.   Let  the  length  of  the  beam 
be  1  and  the  short  distance  mn  be  dl.   Then  the 

value  of  qp  is  e  r   sdl 

E 

Now  let  c  be  the  distance  from  qp  to  the  neu- 
tral surface  of  the  beam,  and  let  R  be  the  radius 


v^S- 


'Mm 
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of  curvature  of  the  elastic  curve- 
Prom  similar  figures  o  mn  and  pnq  it  follows 

that  om  z     nq  or  R   z      C 
mn     qp      dl     e 

and  inserting  for  e  its  value  s_dl>  this  becomes 

E 
J__  -  E_ 
e   '  R 

But  the  flexure  formula  gives 

_s_  =  M_  ,  where  M  is  the  bending  moment  of 
0     I 

the  external  forces  and  I  is  the  moment  of  inertia 

of  the  section  area.   Accordingly 

MR  s  EI  or  R  -  EI 
M 

which  gives  the  relation  between  the  radius  of 

curvature  of  the  elastic  curve  at  any  section  and 

the  bending  moment  at  that  section. 

But  from  differential  calculus  (see  Townsend 

and  Goodenough  page  i58  )   R  -  dl'^ 

dxd^y 

If  this  value  of  R  be  equated  to  EI  ,  there 

IT 
results  a  general  differential  equation  of  the 

elastic  curve  which  applies  to  the  flexure  of  all 

beams  or  arches  fc^\  \ *i  v4  in  which  the  elastic  limit 


rm   ..] 
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of  the  material  is  not  exceeded. 

Since  the  length  of  a  small  part  of  a  beam 

does  not  materially  differ  from  its  horizontal 

projection,  the  length  dl  may  be  placed  equal  to 

dx  and  d^y  -  M_  or  EI  d^y  s  M,  which  is  the 
i^    EI     cix2 

differential  equation  of  the  elastic  deflection 

of  beams. 

In  order  to  find  the  deflection  at  any  point 

of  a  beam  we  must  integrate  the  last  equation 

twice: 

dy  -  Mx_  or  dy  =  J!l xdx 

dx"    EI  EI 


xdx  (8) 


Now  consider  the  beam  AB  subjected  to  the 
moments  Mi  and  M2  and  shears  V]_  and  V2,  but  sustain- 
ing no  intermediate  loads  as  the  case  would  be  with 
a  member  of  truss  to  which  stresses  are  transmitt- 
ed through  floor  beams  at  the  joints  only. 
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Assume  a  counter  counter  clockwise  direction  of 
moments  to  be  positive. 
Taking  moments  about  B 

Z  M  -  o   Ml  +  M2  +  V^l  =0  .*.  Vi  3  Ui   4  M2 

1 

Taking  moments  about  A 

^  ^Jj^  -  o   Ml  +  M2  +  Vgl  -  o  .  • .  V2  =  Ml  4  M2 

1 
At  any  point  C  distant  x  from  B,  the  bending  mo- 
ment is  Mx  =  M2   -  V2X  -   M2  "   (Ml  4  M2)  X  ^.-:/. 


The  deflection  A  at  B  with  respect  to  the 


tangent  at  A,  considered  as  positive  downward  is 

A 
from  equation  (8)  equal  to   /  Mxdx   or 

EI 


j: 


A     z 


1 

ET 


6EI 


/  A?2X  -    (Ml   4  M2)    x^7  dx 


(2  Ml    -  M2) 
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The  value  of  the  deflection  angle  t]  =  ^ 

1 
(in  radians)  .*.   t^  =  _1 (2  Mi  -  M2)        (9) 

6EI 


Likewise: 


tg  -   1 (2  M2  -  Mt) 

"  6EI 


(10) 


The  last  equations  solved  for  M^  and  Mg  in  terms 
of  ti   and  tg  give: 

(11) 


Ml  =   2EI   (2  ti  ♦  tg) 


M2 


2EI   (2  to  ♦  ti) 
____ 


(12) 


Notation  and  conventional  scheme  for  signs. 
It  will  be  assumed  that  distortions  of  the  members 
of  triariF.le  are  as  shoy.'n  in  the  figure  6.   Since 

the  tangent  at  each  joint 
has  a  counter  clockwise 
rotation,  the  bending  mo- 
ments are  all  positive. 
The  values  of  t  are  also 
to  be  considered  positive, 
moment  of  inertia  of  1-2 
"^1-2  =  deflection  angle  at  1  of  1-2  and 
t2-i  =  deflection  angle  of  2  at  2-1  ct.c 
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VALUES  OP  THE  DEFLECTION  ANGLES  t  IN  TERMS  OF  THE 
CHANGES  OF  ANGLE  d  o(   etc 


Consider  any  joint  n  of  any  structure,  and  let 
the  straight  lines  n-1,  n-2,  n-3  etc  represent  the 
lines  joining  the  several  joints  after  distortion. 
The  full  lines  show  the  bent  forms  of  the  several 
members.   The  angle  tn-l>  tn-2>  ^n-S  ^^^  ■t'n-4 
represent  the  deflection  angles  of  the  several 
members  at  joint  n.   Let  oLi,   o(2»  ^3  ^®  ^^^   orig- 
inal angles  between  the  members.  After  distortion 
the  angles  between  the  straight  lines  joining  the 
apexes  will  be  respectively  Ot i   +  d<^i,    ^2   *   ^^2* 
and  ^3  +  d(X  3. 


Then  if  we  select  one  of  the  deflection  angles  as 
a  reference  angle,  we  may  express  the  other  values 
of  t  at  joint  n  in  terms  of  tj^.^^,  and  the  changes 
of  angle  dof^. 
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Prom  the  figure:  <s  ^   +  dcy-j_  +  t^-i  z  ^i   *   t^-2 
.'.  ^-11-2  =  ^n-1  ♦  ^^1 
Similarly     t-n-s  =  ^n-l  ♦  d<^  i  +  ^<\2 

In  general  we  may  write 

tnm  =  tn-i  *ZA^         (13) 

SELECTION  OF  THE  REFERENCE  DELFECTION  ANGLE 

It  is  convenient  at  each  joint  to  select  one 
deflection  angle  as  a  reference  angle  and  to  express 
other  deflection  angles  at  this  joint  in  terms  of 
it  and  the  changes  of  angle  d   • 

In  the  sketches  of  the  truss  which  follow  the 
.reference  angle  is  taken  the  first  angle  which  we 
encounter  standing  on  the  outside  of  truss  and  going 
around  in  a  clockwise  direction.   They  are  indicat- 
ed at  Ti,  Tg,  T3  etc. 
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THE  MOMEMTS  AT  ANY  JOINT  IN  TERMS  OP  THE 
DEFLECTION  ANGLE 

Since  the  truss  is  in  equilibrium  the  sum  of 
the  bending  moments  at  ends  of  members  intersect- 
ing at  any  joint  equals  zero. 

Thus  in  Fig. 

^nl  *  Mn2  ♦  Mn3  ♦  ^^n4  =  ^         (14) 
Expressing  these  moments  in  terms  of  several  deflec- 
tion angles  t  as  in  eq. 

LBbI     (2  tni  *  tin)  *  ^  ^ln2  (2  tn2  ♦  tgn)  *  2  j ln3 


■•■nl  ln2  1, 


(2  tn3  ♦  t3n)  ♦  2  Eln4   (2  tn4  ♦  Un)   =  o     d^) 
ln4 

A  similar  equation  may  be  written  out  for  each 
joint,  thus  giving  as  many  equations  as  there  are 
joints.   In  the  many  different  equations  will  then 
appear  as  many  different  deflection  angles  "t"  as 
there  are  joints.   These  equations  can  be  solved 
simultaneously.   Each  value  of  t  can  be  substituted 
back  in  the  general  equation  of  the  bending  moment 
for  each  member  as  in  equation  11  or  12. 

Mnm  =  2^  (2  t^  ♦  t^^)        (16) 
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Each  term  of  equation  15  contains  I.   For 
convenience  let  it  be  called  K.   Then  equation  15 
after  dividing  by  2  E  each  of  the  terms  becomes: 

Knl  (2  tnl  +  tin)  *  Kn2  (2  tn2  +  t2n)=  o     (17) 
or  2(Knl  t-nl  ♦  Kn2  tn2  *  ®tc.  )  +  Kin  ^in  + 
K2n  ^2n  ■>  =  o. 

FIBRE  STRESS  BT  TERMS  OF  t 

The  stress  in  the  outside  fiber  of  a  member  in 

bending  is: 

f  =  Mc  (18) 

I 

Substituting  in  the  last  equation  the  value  of 
M  as  in  equation  16,  we  get 

fnm  =  2  EC   (2  tnm  +  t-mn)       d^) 

which  is  the  final  equation  used  in  finding  the 
secondary  stress  of  any  member  in  a  truss* 
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FOm-IULATION  OP  EQUATION 

The  General  Equation  is: 

2(Kn-lTn-l+  Kn-s^n-g*  •••)  Ki-nTi-nK2-nT2-n+  •••  =  o- 

The  follov/ing  equations  are  worked  out  in  connec- 
tion with  Table  C  1,  Case  1. 

For  Joint  (1) 
2(^1-2^1.2  ♦  ^l^s'^l-s)  •*■  K2-l"2-l*  ^2-l'^3-~l   =  ^' 

2        KT  =    2(25.85  Ti+  146.6)  =  51.7  Ti+  293.2 
^2-l'^2-l  =  10.55  T2 

^S-l'^S-l  =  ^^'^  '^3  ""  2^^ 

51.7  Ti+  10.55  T2*  15.3  T3  s  -  12.2     (1) 

Joint  (2) 

2(K2-lT2-i+  K2^3^2-3*  ^2-4^2-4^*  H-2Tl~2*  ^^3-2'^Z-2   * 
^4-2  T4.0  z   o* 
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Joint  (2)  -  continued. 
2  KT   s  2(21.53  T2-  291-23.6)  =  43.06  T2-  582  -  47.2 
^1-2^1-2  -  10.55  Ti*  146.6 

K3-2T3«o  -  .434T3-   25.7 

K4-.2T4.2  :  10.55  T4 


10.55  Ti+  43.06  Tg*  .434  T3+  10.55  T4  =  +508.3   (2) 

Joint  (3) 
2(K3-5'J^3-.5*  K3„4T3.4+  K3^oT3^2*  K3.1T3.1)  ♦ 

.  ^5.3X5^3  +  I^4-3'^4-3  ♦  K2-3T2-3  ♦  K1-3T1.3  =  ^• 

2        KT      a  2(37.21  T3    -   366.7) 

K5-3T5-5   =  20.3  T5   +   1820 

^4-3^4-3    '  1'18T4   -   22.7 

%-3'^2-3   «  '^^"^   T2    -   23.6 

Kms   Ti^3   -  15.3  Ti 


15.3  Ti+    .434  To*  74.42  T3*    1.18  T4   +   20.3  T5 

=   «   1039.7  (3) 

Joint(4) 

2    (K4.2T4-2*   K4«3T4.3+   K4.5T4.5+   K4.6T4-6)    ♦ 

K2-4T2-4   *   K3-4'^3-4  *  ^5-4^5-4   +  ^-6-4T6-4   =   o* 
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Joint  (4)  "  continued. 
2    KT  ::   54.48  T4  -  188 
K2-4T2-4  z   10- 55  T2  -  ^91.0 
K3-4T3.4  -   1-18  T3  -   60.3 
K5-4T5.4  I  ^'^^   '^o   -      27.8 

K6-4T6~4  =  ^-^'9  Te _^ 

10.55  T2*  1-18  T3+  54.48T4+  1.71T5+  13.8T6  =  +567.1   (4) 

Joint  (5) 

2(K5«7T5-?+  K5.6T5«6*  '^5-4^5-4*  '^5-3T5-o)  + 

K7-5T7-.5  +  ^6^5^6-5  *  K4_5T4.5  *  K3.5T3.5  =  c 
2   KT   -  2(42. 99T5  +  1792.31)  z   35.98T5+  3584.62 
K7-.5T7-5    =   20.3  T7+  4190 
^6-5^6-5    =    0.675T6  -  41.6 
K4-5T4.5    z  1'71  T4  -  126.5 

K3.5T3-0    =   20.3  T3 


20.3T3  >?.  I.7IT4  ♦  85.98T5+  0.675  T6+  2O.3T7  =  7606.52  (5) 

Joint  (6) 
2(K6-4T6-4+  ^6-5^6-5  +  ^e"7'^e-7    *   ^6-6^6-8)  + 
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Joint  (6)  -  continued. 

2  KT  3  2  (29.98T6  ♦  4502.1)  -  59.96Tg  -  9004.2 
K4-6'?4-6  '      l^'Q  ^4  ♦  55.2 
K5-6T5-6   =   0.675T5  ♦   .11 
K7.6T7.6   =   O.936T7  ♦  120. 

13.9T4*  0.675T5*  59.96T6*  0.936T7*  14.57T3  s  ♦8832.1   (6) 

Joint  (7) 
2(KT7-9  ♦  KT7.e  ♦  ^^7.5  ♦  KT7-5)  ♦ 

KT9-7  ♦  K3.7T3.7  ♦  K6-7T6-7*  K5-7T5-7  =  0- 

2  KT  -  2(41.72  T7  ♦  4316.87)  s  83.44  T7  ♦  8633.74 

K9-7T9.7   =   20.3  T9  ♦  238. 

K8-7'i'8-7   S   0.18T8  ♦   12.25 

K6-7T6.7   -   0.936Te  -130.5 

K5-7l'5.7   =   20.3  T5 

20.3T5  ♦  0.936T6*  83.44T7*  O.lSTs*  SO.STg  =  -8753.49   (7) 

Joint  (8) 
2   (Ks-e^S-e*  H:8.7T8-7*  ^8-9^8-9*  ^8-11^8-11-*  ^8-10^8-10) 

♦  Ke-a^e-s*  jf^7-8^7-3*  ^g-s^Q-a*  Kn.e^n.s*  ^10-8^10-8  ^  o. 
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Joint  (8)  -  continued. 

2  KT  -  2(30.16  Ts*  50.15)  =  60.32  Ts*  100.3 

Ke-STe-a   =   ^^.S?  Tg  -  4330. 

K7«8"7-a  =   O'lQ  ^7  ♦  6*97 

K9-8T9-8   =   O.936T9  ♦  75.2 

Kll-sTll-e  :    .675T11*  45.4 

K10-8T10-8  =  1^*9  Tio 


14.57T6*  0.18T7+  60.32T8*  0.936T9*  13.8Tio*  0.675Tii 

a  ♦  4102.23      (8) 

Joint  (9) 
SCKg-iiTg.ii*  Kg.aTg.s*  Kg.7Tg.7)  ♦ 

Kll-gTll-g*  K8-9T8.9*  K7-9T7-9  =  o- 

2   KT  =  2(41. 54T9  ♦  313.2)  -  83.08Tg  ♦  626.4 

Kll-gTii-g  =   20.3T11*  920 

K8-yT8-9    =   0.936T8*  92.2 

K7-9T7.g   :   20.3  T^j^ 


20.3T7*  0.936T8*  83.08Tg*  20.3Tii  3  -  1638.6        (9) 

Joint  (10) 
2(Kl0-8Tl0-8*  Kio-llTio-11*  Kio-13TlO-13*  ^10-12^10-12  ) 
♦  Ke-loTs-lO*  Kii-ioTll-lO*  1^^13-10^13-10+  ^12-10^12-10 

-  o« 
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(Joint  (10)  continued) 

2   KT  s  2(27*24Tio*  148)  =  54.48Tio*  ^96. 

KS-loTa-lO   =  13.8T8  -  81.4 

Kll-loTll-lO  =  l*71Tii*  135 

Kl3-10Tl3-10  =  l*18Ti3*  29.3 

K12-10T12-10  :  10.55  T12 

13.8T8*  54.48T10+  1.71Txi*  10.55T12*  I.I8T13  s  -378.9   (10) 

Joint  (11) 

2(Kii.i3Tii-i3*  Kii.ioTii.io*  Kh.qTii-s*  ^11-9^11.9) 

♦  Ki3-.iiTi3-ii4  Kio-llTio-ll*  K8-1iTq.ii*  Kg.nTg.n  r  0. 

2  KT  s  2(42.98Tix*  1100.4)  =  85.96Tii  *  2200.8 

K13-IIT13-II   =   20.3T13  -  272 

KlO-llTio.il   s   1.71T10*   99.0 

Ks-liTs-ll     z        0.675T8*   27.1 

K9-ilT9-il    S   20.3T9 

0.675T8*  20.3T9+  1.71TiO*  85.96Tii*  20.3Ti3  =  -2054.9  (11) 

Joint  (12) 

2(Ki2-10Tl2.10*  Ki2-13Tl2-13*  K12-I4T12-I4) 

♦  Kio-12TlO-12*  Ki3.i2Tl3-12*  Ki4»i2Ti4.i2  =  o. 
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Joint  (12)  -  continued. 
2   KT  s  2(21.53Ti2  -  213.35)  z   43.06Ti2  -  426.7 
KlO-i2Tio-12   =   10.55T10  ♦  29. 
Kl3-12'ri3.12    :   0.434T13*  13.25 
K14-I2T14-I2   =   10.55T14 
10.55T10*  43.06T12*  0.434Ti3*  10.65Ti4  -  ♦  384-45     (12) 

Joint  (13) 
2(Ki3.i4Ti3.i44  K13.12T13.12*  K13.10T13.10*  K13.11T13.11 ) 
♦  K14.13T14.13*  Ki2-l3Ti2-13*  Kio-isTlo-lo*  Kii-i3Tii-i3 

»  o» 
2  KT  s2(37.21Ti3-  229.45)  3  74.42Ti3  -  458.9 
K14-I3T14-I3   =   15.3T14  ♦  1^9. 
K12-I3T12-I3  Z        0.434T12  ♦  8.65 
KlO-13Tio.i3   s    l-lSTio  ♦  ^0 
K1I-I3T1I-I3  .  =   gQ-3  Til 
1.18T10*  20.3T11*  0.434T12*  74.42Ti3+  15.3T14  s  +271.25  (13) 

,  Joint  (14) 

2(Ki4.i2Ti4.i2*  Ki4.i3Ti4,i3>*  Ki2-l4Ti2-l4*  K13-I4T13-I4) 

-  o. 

2   KT  s  (25.85T14*  159)2  s  51.7Ti4  ♦  318 

K12-I4T12-I4   s   10* 55  T12  -  222 

Kl3-14Ti3.14   =   15.3  Tig  _^_^ 

10.55  T12  ♦  15.3  Ti3  ♦  51.7  T14  s  -  96  (14) 
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EXPLANATION  OF  THE  TABLES 

The  determination  of  secondary  stresses  due 
to  given  loading  in  a  member  depends  upon  the  solu- 
tion of  equation: 

f  njn  -  2Ec  ( 2  t^^*   tmn ) 
t 

This  apparently  simple  equation  requires  never- 
theless great  care  in  arranging  and  tabulating  the 
necessary  steps  in  order  to  make  the  solution  correct 
and  systematic* 

Table  A  is  self  explanatory  since  the  date  about 
the  members  making  up  the  truss  are  simply  recorded. 

In  tables  B  each  triangular  fragment  of  the  truss 
Is  taken  separately  and  the  differential  changes  in 
the  angles  are  found  according  to  formulas  4,5,8,6. 

In  each  case  the  check  referred  to  on  page  4  is/as 
obtained. 

In  tables  C  each  joint  was  taken  separately  and 
for  the  purpose  of  solving  equation  (17)  the  K*s  and 
the  differential  angles  were  arranged  and  summed  up 
as  shown. 

In  Table  D  the  equations  for  moments  at  each 
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joint  were  formulated  according  to  equation  (17)  and 

terms  containing  unknown  t's  were  kept  on  one  side 

of  the  equation;  absolute  terms  were  kept  on  the  other- 

In  Tables  S  the  equations  were  solved  by  trial, 
since  the  exact  method  of  solving  the  equations  by 
elimination  did  not  prove  satisfactory. 

In  Table  F  the  equation  19  is  solved  and  record- 
ed as  shown,  changing  also  the  stress  due  to  given 
joint  load  to  that  of  1000  lbs. 

In  Table  G  the  maximum  primary  stress  was  compared 
with  the  secondary  stress  and  the  percentage  of  the 
latter  to  the  former  was  found. 
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CONCLUSIONS 

Studying  the  preceding  equation  we  derive  the 
following  conclusion  in  relation  to  the  secondary- 
stresses  which  are  as  follows; 

(1)  The  Secondary  Stresses  are  in  general  pro- 
portional to  the  primary  stresses  and  therefore  are 
conveniently  expressed  in  percentage  of  primary 
stresses. 

(2)  Other  things  being  equal  or  similar,  the 
percentages  of  secondary  stresses  are  proportional 
to  the  distances  from  gravity  axis  to  outer  fibre 
in  the  plane  of  bending  and  inversely  proportional 
to  the  lengths  of  members,  i.e.  when  the  members  are 
symmetrical  the  secondary  stresses  are  proportional 

to  the  ratios  of  width  to  length.   Thus  if  two  trusses 
are  compared  whose  general  dimensions  and  moments  of 
inertia  of  members  are  proportional,  but  the  ratio 
of  width  to  length  of  the  various  members  of  one 
truss  is  in  all  cases  twice  this  ratio  in  the  other 
truss,  then  the  percentage  of  the  secondary  stresses 
in  the  first  truss  will  be  twice  the  percentages  in 
the  second  truss. 
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(3)  The  more  uniform  the  proportions  of  a  truss 
the  less  in  general  will  be  the  secondary  stresses. 
Trusses  consisting  of  approximately  equilateral  tri- 
angles present  the  most  uniform  conditions  and  will 
have,  in  general,  the  lowest  secondary  stresses. 
Trusses  consisting  of  right  angle  triangles  will  show 
somewhat  higher  secondary  stresses,  and  such  stresses 
will  be  large  if  the  ratio  of  height  to  panel  length 
is  large. 

The  secondary  stresses  as  treated  in  this  thesis 
are  those  only  due  to  the  bending  of  members  in  the 
plans  of  the  truss.   There  are  secondary  stresses, 
however,  due  to  bending  of  members  in  a  transverse 
plane  on  account  of  the  deflection  of  the  floor  beams, 
to  eccentric  connections,  and  to  the  weight  of  the 
members  themselves.   The  first  secondary  stresses  are 
the  most  important,  the  latter  ones  tend  to  modify 
the  first  slightly,  but  it  is  beyond  the  scope  of 
this  thesis  to  deal  with  them. 
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